— E urop aisches Patentamt 
(19) /tiff European 'Patent Office 

Office europeen des brevets ^ EP 1 460 130 A1 



(12) EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 

(43) Date of publication: (51) Int CI. 7 : C12N 15/09, C12Q 1/68, 

22.09.2004 Bulletin 2004/39 C12M 1/00, H01 L 29/06, 

H01 L 29/66 

(21) Application number 01275023.8 

_ ljei . ^ (86) International application number: 

(22) Date of fi.mg: 19.12.2001 PCT/JP2001/011150 



(87) International publication number: 

WO 2003/052097 (26.06.2003 Gazette 2003/26) 



(84) Designated Contracting States: 


• YASUDA, Kenji, 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


c/o Hitachi High-Technologies Corp. 


MCNLPTSETR 


Hltachlnaka-shl, Ibaraki 312-8504 (JP) 




♦ HATTORI, Kumiko, 


(71 ) Applicant: Hitachi High-Tech nologies 


c/o Hitachi High-Technolog. Corp. 


Corporation 


Hitachinaka-shi, Ibaraki 312-8504 (JP) 


Tokyo 105-6717 (JP) 






(74) Representative: Strehl SchGbel-Hopf & Partner 


(72) Inventors: 


Maxtmilianstrasse 54 


• MIYAHARA, Yuji 


80538 Munchen (DE) 


c/o Hitachi High-Technologies Corp. 




Hitachi naka-shi, Ibaraki 31 2-8504 (JP) 





(54) POTENTIOMETRIC DNA MICROARRAY&comma; PROCESS FOR PRODUCING THE SAME 
AND METHOD OF ANALYZING NUCLEIC ACID 



(57) A DNA microarray system whereby measure- 
ment can be performed at a low running cost, a low price 
and yet a high accuracy. A nucleic acid probe (3) is im- 
mobilized on the surface of a gate insulator of an electric 



field effect transistor and then hybridized with a target 
gene on the surface of the gate insulator. A change in 
the surface electric charge density thus arising is detect- 
ed by using the electric effect. 



FIG. 1 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to biotechnology in such field as genetic diagnosis, sequence analysis of DNA, 
or analysis of single nucleotide polymorphism, particularly to technology in the field of genetic testing and more spe- 
cifically, to potentiometric DNA microarray capable of simultaneously analyzing a plurality of different nucleic acids with 
high accuracy, a process for producing the microarray and a method of analyzing nucleic acids. 

10 BACKGROUND ART 

[0002] Rapid progress has been made in the projects of genome nucleotide sequence analysis for various living 
organisms including the human genome project, and enormous amounts of information on the nucleotide sequence 
are being accumulated. At present, the entire nucleotide sequence of the human genome is being determined. From 
15 now on, elucidation of gene functions in vivo seems likely to promote dramatic developments of gene-related technology 
in a wide range of fields including diagnosis of various diseases, pharmaceutical development, breeding of agricultural 
products^ and the like. The foundation for the progress in these new fields is formed by information about gene ex- 
pression and function in addition to information on nucleotide sequences. As a technology to conduct the analysis of 
gene function and gene expression in a large scale and to develop it to genetic testing, DNA chip or DNA microarray 
20 (hereinafter, collectively called DNA microarray) has been developed by Affymetrix Inc., Nanogen Inc., and so on. 
Since the majority of the present DNA microarrays utilize detection by fluorescence as the basic principle, a laser or 
a complex optical system is required for them, and the system becomes larger in size and expensive. 
[0003] Furthermore, all DNA microarrays developed currently are discarded after only a single use as a general rule. 
Even if these DNA microarrays may be used repeatedly by washing, their use is limited to at most two to three times, 
25 thus giving rise to a major problem of the running cost in analyzing many samples and in the fields of gene diagnosis 
to test a large number of samples and the like. Particularly in the field of medicine, it is difficult for an expensive test 
to come into wide use in view of cost containment of medical expenses. On the other hand, high accuracy and quan- 
titative determination are required in the field of the medicine, that is, in the field of gene diagnosis. Accordingly, a 
technology to satisfy both cost reduction and high accuracy is sought. 
30 [0004] For a method to solve these problems, several DNA microarrays having a current detection system combined 
with oxidation-reduction labeling have been reported. Clinical Micro Sensor Systems, Inc. has developed a system in 
which one end of a molecule called molecular wire is immobilized on a metal electrode while the other end is bound 
to a nucleic acid probe, and donation and acceptance of electrons between an oxidation-reduction label and the metal 
electrode arising from hybridization of the nucleic acid probe with the target gene is detected as a change of electric 
35 current to detect target genes (Nature Biotechnology, vol. 16 (1998) p.27, p.40). Since this system does not require 
an expensive laser or a complex optical system, a simple and small system can be constructed. It utilizes, however, 
an oxidation-reduction reaction on the metal electrode as the basic principle of the detection, and therefore, the pres- 
ence of an oxidizing substance or a reducing substance (e.g., ascorbic acid) in a sample induces an electric current 
due to its oxidation or reduction, thereby disturbing the gene detection and deteriorating accuracy of the detection. 
40 Moreover, an electrode reaction occurs progressively on the metal electrode concurrently with the current measure- 
ment. Since the electrode reaction is irreversible and is a nonequilibrium reaction, corrosion of the electrode, evolution 
of gas, and the like occur, resulting in instability of the current measurement and deterioration of detection accuracy 
particularly when the measurement is repeated. 

[0005] From these backgrounds, an object of the present invention is to provide a DNA microarray that allows meas- 
45 urement of high accuracy using a system having a low running cost and a low price, a process for producing the DNA 
microarray, and a method of analyzing nucleic acids with the use of the DNA microarray. 

DISCLOSURE OF THE INVENTION 

so [0006] The present invention is a DNA microarray in which a nucleic acid probe is immobilized on the surface of an 
insulator and then hybridized with a target gene on the surface of the insulator, and the resulting change in the electric 
charge density is detected. The DNA microarray is preferably the one including a system in which a nucleic acid probe 
is immobilized on the surface of a gate insulator of electric field effect transistor and then hybridized with a target gene 
on the surface of the gate insulator, and the resulting change in the electric charge density is detected by utilizing a 

55 field effect. A DNA microarray that allows a potentiometric detection of a change in the surface electric potential with 
a high signal to noise ratio could be realized by introducing an intercalator or by labeling nucleic acids with a molecule 
to form a complex with a charged particle such as ion in order to amplify the change in the surface electric charge 
density in addition to the charge inherent in the nucleic acids. Since a method for analyzing genes using the DNA 
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microarray of the present invention does not require an expensive laser detection system or a complex optical detection 
system and detects the surface potential in an equilibrium state by immobilizing the nucleic acid probes on an insulating 
substrate, which is different from an arnperometric detection system, the problems such as corrosion of the substrate, 
evolution of gas, and unstable signal values due to interference from oxidation-reduction substances are not created. 

5 thus allowing excellently stable and highly accurate detection of genes. 

[0007] The potentiometric DNA microarray according to one aspect of the present invention comprises a plurality of 
the insulated gate field effect transistors on which single stranded nucleic acid probes or branched nucleic acid probes 
are immobilized on the surface of the gate insulators directly or via a carrier, and reference electrodes. 
[0008] The potentiometric DNA microarray according to another aspect of the present invention comprises a sub- 

10 strate, on which a plurality of the insulated gate field effect transistors are formed and each different kind of single 
stranded nucleic acid probe or branched nucleic acid probe immobilized on the gate insulators over the channel regions 
of each of the insulated gate field effect transistors directly or via a carrier in the surface of the substrate. 
[0009] The potentiometric DNA microarray according to still another aspect of the present invention comprises a first 
insulated gate field effect transistor on which a nucleic acid probe having a base sequence complementary to a portion 

is of a target nucleic acid to be detected is immobilized on the surface of the gate insulator directly or via a carrier, a 
second insulated gate field effect transistor on which a nucleic acid probe having a base sequence noncomplementary 
to any portion of the target nucleic acid to be detected is immobilized on the surface of the gate insulator directly or 
via a carrier, and a circuit to detect and compare outputs of the first insulated gate field effect transistor and the second 
insulated gate field effect transistor. 

20 . [0010] The method of analyzing nucleic acids according to one aspect of the present invention comprises the steps 
of (a) introducing a sample solution containing at least one kind of nucleic acid onto the substrate provided with a 
plurality of insulated gate field effect transistors on which each different kind of single stranded nucleic acid probe or 
branched nucleic acid probe is immobilized on the surface of gate insulators directly or via a carrier, and subjecting to 
hybridization with the single stranded nucleic acid probes or branched nucleic acid probes, (b) introducing a washing 

25 solution onto the substrate to remove unreacted nucleic acids from the surface of the substrate, (c) introducing an 
intercalator solution onto the substrate to react with formed double stranded nucleic acids, (d) introducing the washing 
solution onto the substrate to remove unreacted intercalator from the surface of the substrate, and (e) introducing a 
buffer onto the substrate to measure outputs of the insulated gate field effect transistors. 

[001 1] In addition to the above steps of (a) to (e), when the method of analyzing nucleic acids further comprises the 
30 steps of (f) dissociating the nucleic acids hybridized with the single stranded nucleic acid probes or branched nucleic 
acid probes by heating the substrate and (g) introducing the washing solution onto the substrate to remove the nucleic 
acids and the intercalator dissociated from the single stranded nucleic acid probes or branched nucleic acid probes, 
and then the steps (a) to (e) are repeated, a plurality of measurements can be performed continuously. 
[0012] The method of analyzing nucleic acids according to another aspect of the present invention comprises the 
35 steps of (a) introducing a sample solution containing nucleic acid fragments labeled with a molecule capable of incor- 
porating charged particles onto a substrate provided with a plurality of insulated gate field effect transistors, on which 
each different kind of single stranded nucleic acid probe or branched nucleic acid probe is immobilized on the surface 
of gate insulators directly or via a carrier, to subject to hybridization with the single stranded nucleic acid probes or 
branched nucleic acid probes, (b) introducing a washing solution onto the substrate to remove unreacted nucleic acid 
; 40 fragments from the surface of the substrate, (c) introducing a solution containing an ion to form a complex with the 
labeling molecule onto the substrate to react with the molecule labeled on the formed double stranded nucleic acids 
and form a complex between the ion and the labeling molecule, and (d) measuring outputs of the insulated gate field 
effect transistors. 

[001 3] The molecule capable of incorporating charged particles may be a molecule that forms a complex selectively 
45 with a monovalent or bivalent cation or anion, for example, valinomycin, nonactin, monactin, bis(crown ether), a cal- 
ixarene derivative, a non-cyclic polyether derivative, a quaternary ammonium salt, a porphyrin or a derivative of these 
molecules. 

[001 4] In this case, plural kinds of molecules capable of incorporating the charged particles are used to label different 
nucleic acid fragments, respectively, and the charged particles (ions) corresponding to each of the molecules are 
so introduced onto the substrate, thereby allowing measurements of plural kinds of genes or genetic polymorphism si- 
multaneously or one after another. 

[001 5] In addition to the above steps of (a) to (d), when the method of analyzing nucleic acids according to the present 
invention further comprises steps of (e) heating the substrate to dissociate the nucleic acid fragments hybridized with 
the single stranded nucleic acid probes or branched nucleic acid probes and (g) introducing the washing solution onto 
55 the substrate to remove the nucleic acid fragments dissociated from the single stranded nucleic acid probes or branched 
nucleic acid probes, and then the steps (a) to (d) are repeated, multiple measurements can be performed continuously. 
[001 6] The process for producing the potentiometric DNA microarray according to one aspect of the present invention 
comprises the steps of: forming a silicon film on a first surface of the insulating substrate; dividing the silicon film into 
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a plurality of silicon film formation areas by patterning of the silicon film; forming a plurality of pn junctions working as 
source and drain regions of the field effect transistors, a heater, and a temperature sensor, respectively, in each of the 
silicon film formation areas; carrying out-wiring for signal from the source and drain regions with the region between 
the source and drain regions serving as a channel; and immobilizing nucleic acid probes directly or via a carrier at the 
5 sites corresponding to the channels of the field effect transistors on a second surface opposite to the surface where 
the silicon film is formed on the insulating substrate. 

[0017] The process for producing the potentiometric DNA microarray according to another aspect of the present 
invention comprises the steps of: forming a silicon film on a surface of the insulating substrate; dividing the silicon film 
into a plurality of silicon film formation areas by patterning of the silicon film; forming a plurality of pn junctions working 
10 as the source and drain regions of the field effect transistors, a heater, and a temperature sensor, respectively, in each 
of the silicon film formation areas; carrying out wiring for signal from the source and drain regions with the region 
between the source and drain regions serving as a channel; forming an insulating film on the surface where the wiring 
for signal is carried out; and immobilizing nucleic acid probes directly or via a carrier at the sites corresponding to the 
channels of the field effect transistors on the surface of the insulating film. 

15 

BRIEF DESCRIPTION OF DRAWINGS 
[0018] 

20 Fig. 1 is a cross sectional schematic drawing to explain an example of a field effect transistor for gene detection 

according to the present invention; 

Fig. 2 is a construction example to show a measurement system with the field effect transistor for detection of 
gene according to the present invention; 

Fig. 3 is an explanatory drawing of a measurement system of a DNA microarray of the present invention in com- 
25 bination with an intercalator; 

Fig. 4 is an explanatory drawing of a measurement system of the DNA microarray of the present invention in 
combination with a labeling molecule; 

Fig. 5 is a drawing to show an example of the process for producing a thin film gate type FET chip (DNA microarray) 

for detection of gene of the present invention; 
30 Fig. 6 is a plan view to show an example of the DNA microarray of the present invention; 

Fig. 7 is an explanatory drawing of an arrangement example of FET, heater, and temperature sensor; 

Fig. 8 is a perspective view from the backside of the DNA array of the present invention; 

Fig. 9 is a plan view to show the DNA microarray provided with a radiation fin of the present invention; 

Fig. 1 0 is a perspective view from the backside of the DNA microarray provided with the radiation fin of the present 
35 invention; 

Fig. 11 is a cross sectional view showing an example of the thin film gate type FET chip for detection of gene of 
the present invention; 

Fig. 1 2 is a cross sectional view showing another example of the thin film gate type FET chip for detection of gene 
of the present invention ; 

40 Fig. 13 is an explanatory drawing of an example of the measurement system with the thin film gate type FET chip 

for detection of gene of the present invention; 

Fig. 14 is an explanatory drawing of a flow cell provided with the FET chip for detection of gene of the present 
invention; 

Fig. 15 is an exploded view of the flow cell shown in Fig. 14; and 
45 Fig. 16 is an explanatory drawing of a protocol for the measurement by the FET for detection of gene of the present 

invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

so [0019] The present invention is explained below in detail with reference to the accompanying drawings. The same 
functional portions are designated by the same reference numerals in the following illustrations. 



Example 1 

55 [0020] Fig. 1 is a cross sectional schematic drawing to 
for gene detection according to the present invention. 
[0021] It is configured such that a nucleic acid probe 
insulated gate FET 1 . For the nucleic acid probe is used 



explain an example of an electric field effect transistor (FET) 

3 is immobilized on the surface of a gate insulator 2 of an 
an oligonucleotide, cDNA, or DNA fragment branched in the 
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middle each generally composed of 300 nucleotides or less and capable of hyblidizing with a target gene to be meas- 
ured under appropriate conditions. In the case of an oligonucleotide, it is preferably a nucleic acid fragment with a 
length of 80 bases or less; Forthe gate insulator, k material such as silicon dioxide (Si0 2 ) silicon nitride (SiN), aluminum 
oxide (Al 2 0 3 ), or tantalum oxide (Ta^s) is used alone or in combination, and generally a bilayer structure in which 
s silicon nitride (SiN), aluminum oxide (A^CXj), and tantalum oxide (Ts^O^ are layered on top of silicon dioxide (Si0 2 ) 
is employed to keep performance of a transistor better. 

[0022] In order to immobilize the nucleic acid probe on the surface of the insulator, one of the terminal ends of the 
nucleic acid probe is chemically modified to contain an amino group (NH 2 group), a thiol group (SH group), biotin, or 
the like. When a nucleic acid probe chemically modified to contain an amino group is used, the surface of the insulator 

10 is modified with a chemical such as aminopropylethoxysilane or polylysine to introduce an amino group onto the surface 
of the insulating film, and then the latter group is reacted with glutaraldehyde or phenylene diisocyanate (PDC) to 
immobilize the nucleic acid probe chemically modified to contain the amino group on the surface of the insulator. When 
the nucleic acid probe chemically modified to contain the thiol group is immobilized on the surface of the insulator, a 
gold thin film is formed on the insulator and the nucleic acid probe is immobilized by taking advantage of an affinity 

15 between thiol group and gold. Furthermore, when the nucleic acid probe chemically modified to contain biotin is im- 
mobilized, streptoavidin is introduced onto the surface of the insulator and the nucleic acid probe is immobilized by 
taking advantage of an affinity between biotin and streptoavidin on the surface of the gate insulator. At the time of a 
practical immobilization, a solution containing the nucleic acid probe is dropped or spotted only on the surface of the 
gate insulator on FET channel, thereby immobilizing the nucleic acid probe only on the gate insulator of the channel 

20 portion. . 
[00231 On the other hand, by forming a fixed carrier on the surface of the gate insulator of FET, the nucleic acid probe 
may be immobilized on the surface or in the inside of the fixed carrier in an indirect way. The materials that can be 
used forthe fixed carrier include agarose, poly aery lamide, polyhydroxyethyl methacrylate (pHEMA), and the like. The 
fixed carrier may be chemically modified to contain an amino group or streptoavidin, and as described above, the 

25 nucleic acid probe may be immobilized by using glutaraldehyde or PDC, or by taking advantage of an affinity with 
avidin, respectively, on the fixed carrier. In this way, the nucleic acid probe may also be formed indirectly on the gate 
insulator of FET via the fixed carrier. 

[0024] When a number of genes containing a target gene to be measured are present in a sample and when a nucleic 
acid probe having a base sequence complementary to the target gene is immobilized on the gate insulator of FET for 

30 gene detection, the target gene and the nucleic acid probe hybridize with each other under appropriate reaction con- 
ditions to form a complex of the target gene and the nucleic acid probe. Under an appropriate condition for pH of a 
buffer solution used for the reaction, nucleic acids are charged negative. Accordingly, the formation of the complex by 
hybridization induces a change in electric charge density in the vicinity of the gate insulator of FET, thereby changing 
the surface potential of the gate insulator. This change behaves equally as a gate voltage change of FET, resulting in 

35 a change of conductivity of the channel. Therefore, the formation of the complex, that is, the presence of the target 
gene, can be detected as a change in drain current passing between a source 4 and a drain 5. 

Example 2 

! 40 [0025] Fig. 2 is a construction example to show a genetic testing system with the field effect transistor for detection 
of gene (Genetic FET) shown in Fig. 1 . 

[0026] This genetic testing system is provided with a reference FET 6 in addition to the Genetic FET 1 shown in hig. 
1, and a differential measurement between the Genetic FET and the reference FET is carried out. The nucleic acid 
probe 3 having the base sequence complementary to the target gene in a sample is immobilized on the surface of the 
45 gate insulator of the Genetic FET 1 . On the other hand, a nucleic acid probe 7 having a base sequence that is different 
from the base sequence complementary to the target gene is immobilized on the surface of the gate insulator of the 
reference FET 6. 

[0027] Such a differential measurement allows to accurately detect only the output change caused by the hybndiza- 
tion of the target gene and the nucleic acid probe by compensating for an output change occurring from changes in 
so ambient temperature and light due to the difference in electric properties of FET or by offsetting an output change 
arising from non-specific adsorption of charged particles in the sample on the gate insulator. Since the Genetic FET 
and the reference FET are desired to be uniform in their electric properties, it is desirable to use a pair of FET integrated 
on the same substrate. 

[0028] In order to stably measure the surface potentials of the Genetic FET and the reference FET, a reference 
55 electrode 8 that serves as a reference for the potential measurement is provided. The reference electrode convention- 
ally used is the one that a silver-silver chloride electrode or a calomel electrode is dipped into an internal solution for 
the electrode having a specified composition and concentration, and the electrode is constructed such that the internal 
solution and a sample solution make contact with each other via a liquid junction formed with salt bridge or porous 
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material. The surface potentials of the Genetic FET 1 and the reference FET 6 are measured with their respective drive 
circuits 9, and both of the outputs are input to a signal processing circuit 11 via the differential measurement circuit 10. 
When a plurality of Genetic FETs are integrated to measure a plurality of genes at the same time, the reference FET 
may be used in common to perform the differential measurements between different Genetic FETs and the common 
5 reference FET. 

Example 3 

[0029] Fig. 3 is an explanatory drawing of a measurement system of the DNA microarray of the present invention in 
io combination with an intercalator. In the illustrated example of the DNA microarray, three Genetic FETs 12 to 14 are 
integrated. The first FET 12 is used as a Genetic FET to detect a first target gene, the second FET 13 is used as a 
Genetic FET to detect a second target gene, and the third FET 14 is used as the reference FET. Nucleic acid probes 
having base sequences complementary to the first and second genes are immobilized on the gate insulators of the 
first and second FETs, respectively. A nucleic acid probe having a base sequence that is different from the base se- 
ts quences complementary to the first and second genes is immobilized on the surface of the gate insulator of the refer- 
ence FET. 

[0030] Fig. 3 depicts a state in which a sample solution containing only the first gene is introduced to the integrated 
DNA microarray and hybridized with the target gene, followed by the reaction with an Intercalator. The first gene hy- 
bridizes only with the nucleic acid probe on the first FET 13 to form double strand. The intercalator 1 5 reacts only with 

20 a double-stranded nucleic acid and does not reacts with single-stranded nucleic acids. Since the intercalator 15 is 
electrically charged, only the surface electric charge density of the first Genetic FET 1 2 changes to give rise to a change 
in the output signal of FET. Since the surface electric charge densities of the second Genetic FET 1 3 and the reference 
FET 1 4 do not change, their output signals do not change. Therefore, the differential measurement between the first 
Genetic FET 12 and the reference FET 14 and that between the second Genetic FET 13 and the reference FET 14 

25 result in a change of only the output signal for the former, thereby detecting the first target gene. Alternatively, the 
measurement of the output ratio between the first Genetic FET 12 and the reference FET 14 and that between the 
second Genetic FET 13 and the reference FET 14 result in detecting the first target gene owing to a change of the 
output ratio for the former. Thus, comparison of the outputs of a plurality of FETs makes it possible to detect target 
genes. The intercalator that can be used includes ethidium bromide, Hoechst 33258, and the like. 

30 [0031] A specific example is explained below. It is known that there exist single nucleotide polymorphisms (SNPs) 
in alcohol dehydrogenase-related gene. A first and a second nucleic acid probes each having a length of 17 bases in 
which the base at a SNP position is interposed between 8 common bases were synthesized. The base sequences of 
these probes are shown below. 

35 

First nucleic acid probe: 5 * -C A TACACTA A AGTG A A A -3 * 
Second nucleic acid probe: 5 '-CATAC ACTG A AGTGA AA-3 * 

40 

[0032] The ninth position from the 5' terminus is the site of the SNP. In the first nucleic acid probe, the base is A at 
the SNP site, while in the second nucleic acid probe, the base is G at the site. The first and the second nucleic acid 
probes are immobilized on the first and the second gates of FETs, respectively. A nucleic acid probe that has a base 
sequence different from the first and the second nucleic acid probes, for example, a nucleic acid probe of 17 bases 

45 composed exclusively of A, is immobilized on the gate of the reference FET. Alternatively, a nucleic acid probe may 
not be immobilized on the gate of the reference FET. The 5* termini of the above nucleic acid probes are modified to 
contain amino groups, respectively. On the other hand, the gate insulating film of FET in the present example is made 
of silicon nitride, and the surface of the silicone nitride is chemically modified using 7-aminopropyltriethoxysilane to 
introduce an amino group thereon. The amino group of the nucleic acid probe and that of the silicone nitride are reacted 

so with a bifunctional reagent such as glutaraldehyde to immobilize the nucleic acid probe on the surface of silicone nitride 
through the formation of a Sen iff base bond. 

[0033] The human genome was extracted from white blood cells in the blood, and a region of 100 base length that 
contains the SNP site was amplified to serve as a sample to be tested. The sample was introduced to the first and the 
second Genetic FETs and the reference FET, followed by hybridization for 8 hours at 45 degrees C. After the hybridi- 
55 zation, these FETs were washed with a buffer to remove un reacted sample, and then ethidium bromide was introduced 
as an intercalator to them. The measurement was first conducted by introducing the buffer to the first and the second 
Genetic FETs and the reference FET, and the output voltage of each of these FETs, the differential output between the 
first Genetic FET and the reference FET and that between the second Genetic FET and the reference FET were 
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measured. After these measurements, the sample was introduced, hybridized, and washed, followed by introduction 
of the intercalator, and then the output voltage of each of these FETs, the differential output between the first Genetic 
FET and the reference FET, and that between the second Genetic FET and the reference FET were measured. The 
changes in the output voltage before and after the introduction of the sample and the intercalator were measured. 

5 [0034] In a sample having the base sequence corresponding to the first nucleic acid probe (Normal), the differential 
output between the first Genetic FET and the reference FET was 5.0 mV. On the other hand, the differential output 
between the second Genetic FET and the reference FET was 0.5 mV, showing a significant difference from the above, 
it is desirable that a series of these measurements are performed at the same time, while successive measurements 
are also allowed when performed within the same test time period. In another sample having the base sequence 

10 corresponding to the second nudeic acid probe (Mutant), the differential output between the first Genetic FET and the 
reference FET was 0.3 mV. On the other hand, the differential output between the second Genetic FET and the reference 
FET was 4.0 mV, showing again a significant difference from the above. In still another sample having the base se- 
quences corresponding to the first and the second nucleic acid probes half-and-half (Hetero), the differential output 
between the first Genetic FET and the reference FET was 2.3 mV, while the differential output between the second 

15 Genetic FET and the reference FET was 2.0 mV, showing approximately one to one ratio between Normal and Mutant. 
From the foregoing, the SNP analysis according to the present invention allowed to discriminate three kinds of samples 
of Normal/Normal homo-type, Mutant/Mutant homo-type, and Normal/Mutant hetero-type. When an intercalator is used, 
It Is unnecessary to label the DNA sample by chemically linking a labeling compound. 

[0035] When the detection was carried out only by the charge inherent in the target DNA alone without using the 
. 20 intercalator as shown in Fig. 2, the differential output between the Genetic FET and the reference FET was 2.2 mV in 
the measurement of the Normal/Normal or Mutant/Mutant homo-type sample. Thus, the use of the intercalator en- 
hanced the sensitivity about two fold. 
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[0036] Fig. 4 is an explanatory drawing of a measurement system of the DNA microarray of the present invention in 
combination with a labeling molecule. In the illustrated example of the DNA microarray, three Genetic FETs 12 to 14 
are integrated. The first FET 1 2 is used as a Genetic FET to detect a first target gene, the second FET 13 is used as 
a Genetic FET to detect a second target gene, and the third FET 1 4 is used as the reference FET. Nucleic acid probes 
30 having base sequences complementary to the first and the second genes are immobilized on the gate insulators of 
the first and the second FETs, respectively. A nucleic acid probe having a base sequence that is different from the base 
sequences complementary to the first and the second genes is immobilized on the surface of the gate insulator of the 
reference FET. 

[0037] Fig. 4 depicts a state in which a sample solution containing only the first gene is introduced to the integrated 
35 DNA microarray and hybridized with the target gene. The first gene hybridizes only with the nucleic acid probe on the 
first FET to form double strand. The first gene is labeled with a molecule 16 that makes a complex with a charged 
molecule or an ion, and the electric charge density on the surface of the gate insulator changes owing to the specific 
hybridization. Since the surface electric charge densities of the second Genetic FET and the reference FET do not 
change, their output signals do not change. Therefore, the differential measurement between the first Genetic FET 
40 and the reference FET and that between the second Genetic FET and the reference FET result in detecting the first 
target gene owing to a change of only the output signal for the former. 

[0038] The molecule (ligand) that is used to form a complex with the ion includes valinomycin, nonactin, monactin, 
bis(crown ether), calixarene derivatives, non-cyclic polyether derivatives, quaternary ammonium salts, and the like. 
For example, when the target gene is labeled with Bis(1 2-crown-4), a property of Bis(12-crown-4) to form a complex 
45 selectively with sodium ion may be utilized. That Is, the labeled target gene is hybridized with the nucleic acid probe 
on the gate insulator, and then, a buffer containing sodium ion is introduced onto the DNA microarray to allow a selective 
complex formation between Bis(1 2-crown-4) and sodium ion, which causes a local change in the electric charge density 
on the surface of the gate insulator. This change is detected by the FET 

[0039] The present example was specifically applied to an SNP analysis, which is explained below. Using the alcohol 
so dehydrogenase-related gene shown in Example 3, two nucleic acid probes shown below were immobilized on the gate 
insulators of the first and second Genetic FETs, respectively. 

First nucleic acid probe (Normal): 5*-CATACACTAAAGTGAAA-3* 

55 

Second nucleic acid probe (Mutant): S'-CATACACTGAAGTGAAA-3' 
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A nucleic acid probe that has a sequence different from those of the first and the second nucleic acid probes, for 
example, a nucleic acid probe of 1 7 base length composed exclusively of A, is immobilized on the gate of the reference 
FET. A DNA sample was extracted from white blood cells in the blood, and a region of 100 base length that contains 
the SNP site was amplified, and then Normal DNA and Mutant DNA were labeled with valinomycin and bis(crown 
5 ether), respectively. 

[0040] The sample from Normal DNA was introduced to the first and second Genetic FETs and the reference FET, 
followed by hybridization for 8 hours at 45 degrees C. After the hybridization, these FETs were washed with a buffer 
to remove unreacted sample, and an aqueous solution of 50 mM NaCI was introduced thereto, followed by the meas- 
urements of the output voltage of each of the first and the second Genetic FETs and the reference FET, the differential 

10 output between the first Genetic FET and the reference FET and that between the second Genetic FET and the ref- 
erence FET. The differential output between the first Genetic FET and the reference FET was 4.0 mV, while the differ- 
ential output between the second Genetic FET and the reference FET was 0.2 mV. After these measurements, an 
aqueous solution of 50 mM KCI was introduced, and the measurements of the outputs were carried out similarly, 
resulting in that the differential output between the first Genetic FET and the reference FET was 0. 1 mV and that the 

15 differential output between the second Genetic FET and the reference FET was 0.3 mV. Thus, it was confirmed that 
Normal DNA in the sample hybridized only with the first nucleic acid probe, showing a selective response of the first 
Genetic FET. 

[0041] On the other hand, a sample of Mutant DNA was measured in a way similar to the above. When a solution 
of 50 mM NaCI was introduced, the differential output between the first Genetic FET and the reference FET was 0.1 

20 mV, while the differential output between the second Genetic FET and the reference FET was 0.2 mV. After an aqueous 
solution of 50 mM KCI was introduced, the differential output between the first Genetic FET and the reference FET 
was 0.1 mV, while the differential output between the second Genetic FET and the reference FET was 5.0 mV, con- 
firming that Mutant DNA in the sample hybridized only with the second nucleic acid probe showing a selective response 
of the second Genetic FET. In another sample containing Normal and Mutant DNAs half-and-half (Hetero), when an 

25 aqueous solution of 50 mM NaCI was introduced, the differential output between the first Genetic FET and the reference 
FET was 2.3 mV, while the differential output between the second Genetic FET and the reference FET was 0.1 mV. 
After an aqueous solution of 50 mM KCI was introduced, the differential output between the first Genetic FET and the 
reference FET was 0.1 mV, while the differential output between the second Genetic FET and the reference FET was 
2.5 mV, showing approximately one to one ratio between Normal and Mutant 

30 [0042] From the foregoing, the SN P analysis according to the present invention allowed to discriminate three kinds 
of samples of Normal/Normal homo-type, Mutant/Mutant homo-type, and Normal/Mutant hetero-type. In the present 
example, the processes of the SNP analysis involve two selective processes of chemical reactions that are hybridization 
and ion-ligand complex formation. Therefore, the SNP analysis can be performed with high accuracy. 
[0043] Besides the SNP analysis, it is also possible to perform an expression analysis by immobilizing many kinds 

35 of nucleic acid probes on the gates of FETs, and labeling a target sample and its reference sample with valinomycin 
and bis(crown ether), respectively. 

Example 5 

40 [0044] Fig. 5 is a drawing to show an example of the process for producing the DNA microarray provided with a thin 
film gate type field effect transistor for detection of gene of the present invention. First, a p-type polysilicon thin film 19 
is formed on a glass substrate 17 as shown in Fig. 5(a) by the low pressure chemical vapor deposition method. The 
thickness of the polysilicon thin film is desirably in the range of from 1 0 to 1 0,000 nm, and was 1 ,000 nm in the present 
example. Next, patterning and oxidation of the polysilicon film are performed as shown in Fig. 5(b). The patterning is 

45 performed by the photolithographic process including resist application, photoirradiation through a photomask, and 
resist development, followed by dry etching or wet etching with a mixed solution of hydrofluoric acid and nitric acid to 
form silicon film formation areas 19. Then, the silicon film is thermally oxidized at 900 degrees C in an atmosphere of 
oxygen to form a silicon dioxide film 44 on the surface of the polysilicon thin film 19. 

[0045] Next, etching of oxidized film and formation of doping regions are carried out as shown in Fig. 5(c). The silicon 
so dioxide film on the doping regions is removed by the photolithographic process including resist application, photoirra- 
diation through a photomask, and resist development, and the subsequent dry etching or wet etching with a mixed 
solution of hydrofluoric acid and ammonium fluoride. By As + or P+ ion implantation, n-type regions are formed in the 
area of the p-type polysilicon thin film 19 to provide pn junction 20. Then, the silicon film in the doping regions is 
thermally oxidized at 900 degrees C in an atmosphere of oxygen to form a silicon dioxide film 44 on the surface thereof. 
55 [0046] Next, metal wiring for electrodes is carried out as shown in Fig. 5(d). The silicon dioxide film is removed to 
provide electrode contact holes by the photolithographic process including resist application, photoirradiation through 
a photomask, and resist development, and the subsequent dry etching or wet etching with a mixture of hydrofluoric 
acid and ammonium fluoride. An aluminum thin film is formed by vacuum deposition. According to the photolithographic 
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process including resist application, photo! rradiati on through a photomask, and resist development, and the subsequent 
wet etching with phosphoric acid, aluminum wiring 25 is formed by patterning to achieve contact with the external 
circuit. After annealing in an atmosphere of hydrogen/source and drain regions 21 of the FETs, a heater 22 and a 
temperature sensor 23 are provided. The region between the source and drain regions serves as the channel 24 of FET. 
[00471 Finally, DNA probes are immobilized as shown in Fig. 5(e). The nucleic acid probes 3 are immobilized at the 
sites corresponding to the channels of FET on the second surface 26 (the surface opposite to the surface where the 
silicon film is formed) of the glass substrate 17 to provide Genetic FETs. In order to achieve high accuracy of meas- 
urement, it is desirable to integrate at least Genetic FETs, the reference FET, the heater, and the temperature sensor 
into the same silicon film formation area 19. 

[0048] On the surface of the insulating glass surface 1 7, a solution is introduced onto the surface where the nucleic 
acid probes 3 are formed. Therefore, the solution may sometimes contact with wiring and signal wires for an electronic 
device such as transistor to develop a short-circuit, resulting in a faulty operation. In the present invention, the wiring 
25 is formed on the surface opposite to the surface with which the solution makes contact and on which the nucleic 
acid probes 3 are formed, and signal wires are designed to be connected to the opposite surface. Accordingly, the 
problem of the faulty operation caused by contacting with the solution is eliminated, and a measurement system with 
high reliability can be provided. 

[0049J Fig. 6 is a plan view to show an example of the DNA microarray produced In this way. In the microarray of 
this example. 144 pieces of the silicon film formation area 19 are separately formed on the insulating substrate 17. 
One piece of the silicon film formation area 19 has a size of 500 urn square. An enlarged view from the backside of 
the silicon film formation area 19 is shown in Fig. 7. A plurality of pn junctions 20 were formed in each of the silicon 
film formation areas 19. When the silicon film is p-type, n-type doping regions are formed, and when the silicon film is 
n-type. p-type doping regions are formed. These doping regions served for the source and drain regions 21 of FETs, 
the heater 22. or the temperature sensor 23. Each doping region is bonded to external drive circuit via the electric 
wiring 25. 

[0050] In the present example, two FETs are formed in one piece of the silicon film formation area 19 as shown in 
Fig. 7. where one FET served as the Genetic FET and the other FET served as the reference FET. A control of the 
heater 22 with an output of the temperature sensor 23 allows adjustment of the temperature of each of the silicon film 
formation areas 19 to a desirable value. Accordingly, the nucleic acid probes with comparable melting temperatures 
(Tms) are immobilized on Genetic FETs in the same silicon film formation area 19, while the nucleic acid probes with 
different Tms are immobilized in different silicon film formation areas 19, thereby realizing gene detection with high 
accuracy. Although changes in temperature change FET characteristics as well, the differential measurement between 
the Genetic FET and the reference FET allows compensating for changes in the output of each FET due to changes 
in temperature. 

[0051] A perspective view from the backside of the DNA array depicted in Fig. 6 is shown in Fig. 8. The electnc wire 
bonding 25 is formed on the backside, while the nucleic acid probes are immobilized on the opposite side. 

Example 6 

[0052] Another example of the present invention is explained using Figs. 9 and 10. Fig. 9 is a plan view of the DNA 
microarray provided with a radiation fin of the present invention, and Fig. 10 is a perspective view from the backside 
of the DNA microarray. 

[0053] In the same way as in Fig. 5, a silicon film was formed on a first surface 1 8 of an insulating substrate 1 7, and 
unnecessary area of the silicon film was removed by photolithography and etching, giving a plurality of separate silicon 
film formation areas 19. The thickness of the silicon film is preferably in the range of from 0.1 to 10 urn, and was one 
u.m in the present example. As in Example 5, the Genetic FET, the reference FET, a heater, and a temperature sensor 
are formed in each of the silicon film formation areas 19. 

[0054] In the present example, the radiation fins 27 of grid pattern are formed of silicon film so as to surround each 
of the silicon film formation areas 19, the purpose of which is to carry out hybridization and washing at the optimal 
temperature for each reaction according to Tms of the nucleic acid probes formed on each Genetic FET, thereby 
improving accuracy of temperature control for each of the silicon film formation areas 1 9. The radiation fin 27 has good 
thermal conductivity because of being made of silicon film and can efficiently radiate heat generated in the adjacent 
silicon film formation areas 1 9, reduce effects on the adjacent silicon film formation areas, and control the temperature 
of each of the silicon film formation areas 1 9 independently. In the present example, the size of one piece of the silicon 
film formation area 19 is 1 mm square, the distance between the silicon film formation area 1 9 and the radiation fin 27 
is 0.5 mm, and the width of the radiation fin is 0.5 mm. By employing this structure, the temperature of each of the 
silicon film formation areas 19 could be controlled from room temperature to 95 degrees C with a precision of one 
degree C. 

[0055] Fig. 1 0 is a perspective view from the backside of the above chip. Since the silicon film formation areas and 
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the radiation fins were formed by wet etching technology, the cross sections are triangular and trapezoidal. Rectangular 
cross sectional shapes for the silicon film formation area and the radiation fins are fabricated by using, for example, 
the reactive ion etching technology. 

5 Example 7 

[0056] Fig. 11 is a cross sectional view to show an example of thin film gate type Genetic FET chip of the present 
invention. 

[0057] The thin film gate type Genetic FET chip of the present example has a structure in which the glass substrate 
10 of the gate regions for the Genetic FET and the reference FET in the DNA microarray explained in Example 5 is made 
thinner. The thickness of the glass substrate in the thin film gate regions 28 is preferably in the range of from 0.01 to 
1 u,m and was 0.1 ujti in the present example. This structure can make the transconductance of the FET larger and 
detect a change in electric charge occurring on the gate with high sensitivity, in addition to making only the gate region 
of the FET a thinner film, it is also possible to make the whole glass substrate of the silicon film formation area a thinner 
15 film, thereby allowing the recessed area formed by being made thinner to be used as a reaction cell. 

Example 8 

[0058] Fig. 12 is a cross sectional view to show another example of the thin film gate type Genetic FET chip of the 
20 present invention. 

[0059] Examples 5, 6, and 7 are structured such that the nucleic acid probes 3 are formed on the glass surface 
opposite to the silicon film formation area 1 9, whereas the nucleic acid probes 3 in the present example were immo- 
bilized on a second insulating film 29 formed on an oxidized silicon film, i.e. an insulating film 2 formed on the silicon 
film formation areas 19. The material usable for the second insulating film 29 includes silicon nitride, aluminum oxide, 
25 and tantalum oxide. This example enables precise control of the thickness of the gate insulating film of FET and de- 
tection of a change in electric charge occurring on the gate with high sensitivity by making the transconductance of 
the FET larger. 

Example 9 

30 

[0060] Fig. 1 3 is an explanatory drawing of an example of the measurement system with the thin film gate type FET 
chip for detection of gene of the present invention. 

[0061] The DNA microarray chip having at least the Genetic FET and the reference FET is mounted on a flow cell 
30, which is connected to a flow channel 31 . A hybridization solution 32 and a washing solution 33 flow into the flow 
35 channel 31 via a valve 34. These solutions can be introduced into the flow cell 30 by driving a pump 35. A sample and 
an intercalator are dispensed into the valve 34 by a dispenser 36, and then introduced into the flow cell 30 to react 
with the Genetic FET and the reference FET. After the reaction, spent solution is sent to a liquid waste bottle 37 by the 
pump 35. The outputs of the Genetic FET and the reference FET after the reaction are processed and computed by 
a signal processing circuit 38. 

40 [0062] The structure of the flow cell 30 is shown in Fig. 1 4. A Genetic FET chip 40 is mounted on a printed circuit 
board 39 in the flow cell 30 and electrically connected to the printed circuit board 39 with wires 41 . Pins 42 are provided 
on the printed circuit board 39 and connected to the signal processing circuit 38. A sample solution 43 is introduced 
to the Genetic FET chip 40 through the flow channel 31 . In order to prevent the sample solution 43 from contacting 
with the wires 41 that serve as signal wires, the wire portion is protected by protective caps 44. The material suitable 

45 for the protective cap 44 includes acryl, polypropylene, polycarbonate, and the like. 

[0063] Fig. 1 5 is an exploded view to show the flow cell 30. The main body of the flow cell 30 Is provided with a hole 
of one mm diameter serving as the flow channel 31 , through which a sample and a reagent are introduced onto the 
surface of the Genetic FET chip (DNA microarray) 40. The inlet and the outlet portions of the flow channel 31 are 
provided with female threads 45, into which bolts 47 having inserted tubes 46 are screwed to connect to the external 

so flow path. The surface of the end portion of the tube 46 is treated so as to become flattened, and when the bolt is 
screwed in, the flattened portion works as a seal 48 to prevent liquid leakage. 

[0064] The measurement system of Genetic FET of the present construction employs a flow system for the meas- 
urement, and therefore, a number of samples can be handled continuously and automatically, which is advantageous 
for a high-throughput measurement. When the intercalator described in Example 3 is used, the measurement is con- 
55 ducted by the following steps: 

(1 ) introduction of a washing solution into the flow cell. 

(2) Introduction of a hybridization solution into the flow cell (replacement of the washing solution). 
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(3) Setting of the temperature of each of the silicon film formation areas to the optima! temperature for each nucleic 
acid probe. 

(4) Measurement of the outputs of the Genetic FET and the reference FET and computation of the difference. 

(5) Dispensing of a sample to the valve and subsequent introduction to the flow cell with the hybridization solution. 
5 (6) Hybridization in the flow cell. 

(7) Introduction of a buffer to the flow cell to remove unreacted sample. 

(8) Introduction of an intercalator solution into the flow cell and reaction. 

(9) Introduction of the buffer to remove unreacted intercalator solution. 

(1 0) Measurement of the outputs of the Genetic FET and the reference FET, and computation of the difference. 
w (11) Setting of the temperature of each of the silicon film formation areas to 95 degrees C. 

(1 2) Introduction of the washing solution to wash the inside of the flow cell. 

(13) Return to (1). 

[0065] The above sequence for the measurement is shown in Fig. 1 6. The sample and the intercalator were intro- 
15 duced and washed, followed by measurement of the output voltage of FETs. Then, the hybridized double stranded 
DNAs were dissociated into single stranded DNAs by raising the temperature of the silicon film formation areas to 95 
degrees C and the dissociated DNA is removed together with the intercalator inserted into the double stranded DNA 
by the washing solution. In this way, only the nucleic acid probe Is left on the gate of FET, which allows to return to the 
original state and to be ready for the next measurement. 
, 20 [0066] When SNP is analyzed using the molecules (ligands) to form complexes with ions as described in Example 
4, the measurement is conducted by the following steps: 

(1 ) Introduction of a washing solution into the flow cell. 

(2) Introduction of a hybridization solution into the flow cell (replacement of the washing solution). 

25 (3) Setting of the temperature of each of the silicon film formation areas to the optimal temperature for each nucleic 

acid probe. 

(4) Measurement of the outputs of the Genetic FET and the reference FET and computation of the difference. 

(5) Dispensing of a sample to the valve and subsequent introduction to the flow cell with the hybridization solution. 

(6) Hybridization in the flow cell. 

30 (7) Introduction of a buffer to the flow cell to remove unreacted sample. 

(8) Introduction of a solution of 50 mM NaCI into the flow cell and reaction. 

(9) Measurement of the outputs of the Genetic FET and the reference FET and computation of the difference. 

(10) Introduction of a solution of 50 mM KCI into the flow cell and reaction. 

(1 1 ) Measurement of the outputs of the Genetic FET and the reference FET and computation of the difference. 
35 Judgment of Normaimormal, Mutant/M utant, and Normals utant from the information on the nucleic acid probe 

for each FET and the differential outputs in NaCI and KCI. 

(12) Introduction of the buffer to remove the KCI solution. 

(13) Setting of the temperature of each of the silicon film formation areas to 95 degrees C. 

(14) Introduction of the washing solution to wash the inside of the flow cell. 
40 (15) Return to (1). 

INDUSTRIAL APPLICABILITY 

[0067] The present invention provides a DNA microarray system in which nucleic acid probes are immobilized on 
45 the surface of the gate insulator of FET and then hybridized with a target gene on the surface of the gate insulator of 
FET, and a change In the surface electric charge density is detected by using the field effect. The DNA microarray that 
allows a potentiometric detection of a change in the surface electric potential with a high signal to noise ratio can be 
realized by introducing an intercalator or labeling nucleic acids with molecules to form complexes with charged particles 
such as ions in order to amplify the change in the surface electric charge density in addition to the charge inherent in 
so the nucleic acids. The DNA microarray of the present invention does not require an expensive laser detection system 
or a complex optical detection system, and detects the surface potential in an equilibrium state by immobilizing the 
nucleic acid probes on an insulating substrate, which is different from an amperometric detection system. Therefore, 
the problems such as corrosion of the substrate, evolution of gas, and unstable signal values due to interference from 
oxidation-reduction substances do not arise, thus allowing excellently stable and highly accurate detection of genes. 

55 
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SEQUENCE LISTING 
<110> HITACHI HIGH-TECHNOLOGIES CORPORATION 

<120> Potent iometric DNA raicroarray, process for producing the same and 
method of analyzing nucleic acid 

<130> PH-1266-PCT 

<140> PCT/JP01/11150 
<141> 2001-12-19 

<160> 2 

<170> Patentln Ver. 2. 1 

<210> 1 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: probe 
<400> 1 

catacactaa agtgaaa 17 

<210> 2 
<211> 17 
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<212> DNA 

<213> Artificial Sequence 

5 

<220> 

10 <223> Description of Artificial Sequence: probe 



15 



20 



<400> 2 

catacactga agtgaaa 17 



25 Claims 

1 . A potentiometric DNA microarray comprising: 

a plurality of insulated gate field effect transistors on which single stranded nucleic acid probes or branched 
30 nucleic acid probes are immobilized on the surface of gate insulators directly or via a carrier, and 

reference electrodes. 

2. A potentiometric DNA microarray comprising: 

35 a substrate on which a plurality of insulated gate field effect transistors are formed; and 

each different kind of single stranded nucleic acid probe or branched nucleic acid probe being immobilized on 
the gate insulators over the channel regions of each of the insulated gate field effect transistors directly or via 
a carrier in the surface of the substrate. 

j 40 3. A potentiometric DNA microarray comprising: 

a f irst insulated gate field effect transistor on which a nucleic acid probe having a base sequence complemen- 
tary to a portion of a target nucleic acid to be detected is immobilized on the surface of the gate insulator 
directly or via a carrier; 

45 a second insulated gate field effect transistor on which a nucleic acid probe having a base sequence noncom- 

plementary to any portion of the target nucleic acid to be detected is immobilized on the surface of the gate 
insulator directly or via a carrier; and 

a circuit to detect and compare outputs of the first insulated gate field effect transistor and the second insulated 
gate field effect transistor. 



50 



4. A method of analyzing nucleic acids comprising the steps of: 



(a) introducing a sample solution containing at least one kind of nucleic acid onto a substrate provided with a 
plurality of insulated gate field effect transistors on which each different kind of single stranded nucleic acid 

55 probe or branched nucleic acid probe is immobilized on the surface of gate insulators directly or via a carrier, 

and subjecting to hybridization with the single stranded nucleic acid probes or branched nucleic acid probes; 

(b) introducing a washing solution onto the substrate to remove unreacted nucleic acids from the surface of 
the substrate; 
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(c) introducing an intercalates solution onto the substrate to react with formed double stranded nucleic acids; 

(d) introducing the washing solution onto the substrate to remove unreacted intercalator from the surface of 
the substrate; and 

(e) introducing a buffer onto the substrate to measure outputs of the insulated gate field effect transistors. 

5. The method of analyzing nucleic acids according to claim 4, comprising further the steps of: 

(f) dissociating the nucleic acids hybridized with the single stranded nucleic acid probes or branched nucleic 
acid probes by heating the substrate; and 

(g) introducing the washing solution onto the substrate to remove the nucleic acids and the intercalator dis- 
sociated from the single stranded nucleic acid probes or branched nucleic acid probes, and subsequent rep- 
etition of the steps (a) to (e). 

6. A method of analyzing nucleic acids comprising the steps of: 

(a) introducing a sample solution containing nucleic acid fragments labeled with a molecule capable of incor- 
porating charged particles onto a substrate provided with a plurality of insulated gate field effect transistors, 
on which each different kind of single stranded nucleic acid probe or branched nucleic acid probe is immobilized 
on the surface of gate insulators directly or via a carrier, to subject to hybridization with the single stranded 
nucleic acid probes or branched nucleic acid probes; 

(b) introducing a washing solution onto the substrate to remove unreacted nucleic acid fragments from the 
surface of the substrate; 

(c) introducing a solution containing an ion to form a complex with the labeling molecule onto the substrate to 
react with the molecule labeled on the formed double stranded nucleic acids and form a complex between the 
ion and the labeling molecule; and 

(d) measuring outputs of the insulated gate field effect transistors. 

7. The method of analyzing nucleic acids according to claim 6, wherein the molecule capable of incorporating charged 
particles is a molecule that forms a complex selectively with a monovalent or bivalent cation or anion. 

8. The method of analyzing nucleic acids according to claim 6 or 7, wherein plural kinds of molecules capable of 
incorporating the charged particles are used to label different nucleic acid fragments, respectively, and the charged 
particles (ions) corresponding to each of the molecules are introduced onto the substrate to allow measurements 
of plural kinds of genes or genetic polymorphism simultaneously or one after another. 

9. The method of analyzing nucleic acids according to any one of claims 6 to 8, further comprising the steps of: 

(e) heating the substrate to dissociate the nucleic acid fragments hybridized with the single stranded nucleic 
acid probes or branched nucleic acid probes; and 

(g) introducing the washing solution onto the substrate to remove the nucleic acid fragments dissociated from 
the single stranded nucleic acid probes or branched nucleic acid probes, and subsequent repetition of the 
steps (a) to (d). 

10. A process for producing a DNA microarray comprising the steps of: 

forming a silicon film on a first surface of an insulating substrate; 

dividing the silicon film into a plurality of silicon film formation areas by patterning of the silicon film; 
forming a plurality of pn junctions working as source and drain regions of field effect transistors, a heater and 
a temperature sensor, respectively, in each of the silicon film formation areas; 

carrying out wiring for signal from the source and drain regions with the region between the source and drain 
regions serving as a channel; and 

immobilizing nucleic acid probes directly or via a carrier at the sites corresponding to the channels of the field 
effect transistors on a second surface opposite to the surface where the silicon film is f ormed on the insulating 
substrate. 

1 1. A process for producing a DNA microarray comprising the steps of: 

forming a silicon film on a surface of an insulating substrate; 
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dividing the silicon film into a plurality of silicon film formation areas by patterning of the silicon film; 
forming a plurality of pn junctions working as source and drain regions of field effect transistor, a heater, and 
a temperature sensor, respectively, in each of the silicon film formation areas; 

carrying out wiring for signal from the source and drain regions with the region between the source and drain 
regions serving as a channel; 

forming an insulating film on the surface where the wiring for signal is carried out; and 

immobilizing nucleic acid probes directly or via a carrier at the sites corresponding to the channels of the f ield 

effect transistors on the surface of the insulating film. 
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FIG. 14 
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